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NEW PORTAELEHAND-HELDRADIATION INSTRUMENTSFOR
14EASUREMENTSAND MONITORING*

l’. E. Fehk
Los Alemos National kboratory

Los Alsmos, New Iiexico 87545, USA

Kmcr

Ind-held radiation mmdtors ● re often u~ed to
mrch pede6crians and motor vehicles for special
~cloar material (SNM) as part of a phyeical
‘otection plan for nuclear m~terials. Recently,
Ie Los Alamos Advanced Nuclear Technology group
IS commercialized ●n improvad hand-held monitor
)at can be used for both physical-protection
litoring ●nd vorificstion messuremenu in tuclear

lLerial control ●nd waste management. The new
Initoring irwtruments m. smaller ●nd lighter;
berate much longer on ● battary charge; ●re
~silable with NaX(Tf) OK neutron and gamma-ray
msitiva plastic scintillation detectors; and ●e
IIIL expensiva than other comparable in~truments,
Iby alac have ● second operating mode for making
‘ecfse measureraents over coun~.ing timas. is long
1 99 s, Thie mock permits msklng basic verification
Ieauremanta that may ba r,eeded before transporting
Iclnar material or waste outsido protected ● reas.
QrOVtd verification ❑eaau~smenta can be wade
,th ● mecond nev hand-h~ld lnstrumont that has a
:abillzed detactor ar.d three separate gemma.ray
mrgy windown to obtain
IN quantfty, unrichm~nt,
.on.

MLODUCTION

spectral information for
or ❑aterial. type verifica -

) the ●arly 1970s, th~ Los Alsmos Advanced Nuclear
lchnolo[y grxip dtvalrpad two small, battery-
wored, radiation dctoction insttumentsl (FiB, 1)
w htnd. held use 4:1 warching pedestrimt, psckagos,
id ●otor vohiclea for special nuclear materialm
W) s ThQ two instruments bense gamma radiation
iltted by SNM, which !.a am axctliant bm rmn+isible
,ue to tho presence of the micerials, ‘w lnattu.
mtm ●re intelligent; they prec~.~e)y rocasurQ back.
‘ound intansity ●nd then calculate ● d*toction
Ilarm) thraahoid used fcr monitoring. Our ins
mit.)rlng, they continuously cunparo Masuronmnte

.—
‘his work vau supported by th- US Departm~nt of
mrgy, Aam\n?ailt Sect’et~ry for bef?n~p Program~
!fice of Saf~guarda ●nd Security

‘TSA Syatama, Inc., Boulder, CO n031)2

rig! 1! TVO hand-hold monltorc dovelopod ●t LQ8
Alamo8 have been comerclally ●valhble for many
ymrs, The Instmmcrrts ●re intelligent and can
d~cect radiation lntansltles that are ● small
fraction of background lntmwlty.

with the ●larm thraahold and sound ●n ●larm (chi~)
whanever tha threshold la ●qualed or ●xceadcd,
tJaing one Of these ifWtZUe!Ita,@ bl.. *l.y trained
oparator ●asily doteeta SN?I radiation intenaitioa
that ●ra ● small fraction of backgrotmd lntanalty
by simply liatoning for the chirps ●a h~ movaa the
~nstruvant ovar the paraon or itam beln~ monitored
(Fig, 2).

T’ha ●arly monltora ara *till ao-~rclally produced
●nd used for both SNMmonitoring and health.physics
●pplication. Anothar newer monitor having both
neutron ●nd gsmma.ray aenaitivity waa developod by
TSA Syatama, Xnc,** ●nd find% similar use, This
lnatrunwnt, tht HHD.440 {Fig 3), uaaa a large
plaatic acintlllation detector that porforim ●s
wall aa NaX(Tl) datoctora but ●lao haa sufficient
rwutron ●etleltivity for dotectlng h.~avily ahlaidcd
plutonium,? Howevar, the HHI).440 haa the ahortrcm.
in~u of being heavy, about 3 kc (iI,6 lb), aml
hoving ● short operating time, about 7 hours
befort recharging, which makern it inadequate for
continuous uae ●a ● search lnatrument. Th@s@
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The new lm Alsmos lightweight, herd-held inetmsent
is now commercially produced by TSA Systems, lnc,
with ●ither s NaI(Tl) or plastic eclntillation
datector, one of the factors thatukes it mch core
wereatile than its predecessors. The new i,netru-,
ment’s prototype vss developed ●nd deecribed by
Millegsn and Nixon,a Their deeign goale were to
make the instrument lightweight (1.1 kgor2.4 lb);
small in size (about one haif the size of its
predecessors); low power for long operating time
(48 h) on an overnight battery charge (16 h);
equal or better in performance then its predecessors;
and versttile (two opersting modes and ●n ●asily
reprogremmsble microprocessor) . TSA Syetems
designates this new instrument the PIW-470 (Fig. 6)
●nd markets It with one of two operating programs:
the Los Alemos 1,01 vereion described here ●nd ●

1.1 version for ■onitoring only.

I

I
2. An oporaeor 8oarches for SNU vlth

-held monitor by moving the instrument ov
surfaces of ● pedestrian, package, or mot
cle. Successive chirps in ● region disclos

●

er
or
●s

Ie locaclon of SNH,

Fig 4> The new PRI.470 1s ● recmtly c-rclallmd
Los 41amo8 monitor, Ztk l@ht wafght,lmg apar8ting
time on a bsttery cJrargo, and ●econd op~ratng
m?d4r fo: ~klng precise measurements aeke it the
-St ver~a:lle of the hmd.heid monitors,

- ,!

[#, 3, A rolatlvelv n- hsnd.held monitor sonse8
)utrons in sdditlon to g~ rays, msklng lt
rf@ctlv@ for dttsctlng #hleJd#d pluconlum,
)fortunately, the instrument 1s quite htavy and
)aratos for iosu than s typical work shift betwea
lttory chargea

,ertcomings in ●n ot,harwis~ highly ●ffective ●nd
dern handheld ❑onitor prmpted u to eormnerclallz@
Los Alamoz monl!.or that has thp same advantages

It ~,t li~htcr ●nd hsn s ~,,lch longer opcrstlng
me betw~en chsrgoo than oth~r hsnd.held mmitots

Brneldee the design.goal iraprovernnts, other lqmrve.
ments in the PRM-470 mxdto iwluds the microproc?rn.
●or.gtnorated, auto.ranging count.rate display tit
shows proceesed data rather thatl the output of ●n
lndepandent rat. mater found ir ●axlier Los Alemos
Lmmt-ante, %u mlarrr lo~ic4 lo ●lso ~roved by
usin~ ● 0,4-s.long moy~ln~ aversge of 0,05.s.long
aounts to improvo sonsiti,?icy but presetw the ?sst
oignal responso needed foi hsnd monito?i,~ (O,!I.~/R
sc~n speed), The ●laim thra~t,”iu for monitoring
in calculated from ●n axpected XSIU? d*~ived from
the ●oasur~d background (B.n.long eversge) plus the
number of counto set on the inntrummnt’s thwdwtml
switch (ebout 10 to 15 in Lob Alsmos), tilibrstion
of the new inst~nts is much thr s- se in ●arlier
On?s , with nmplifi~r gair sdj,lated to ssturst? at
eith~r 66? or 1332 keV end th Iowr.lavel dkscrbnln.
stor triggering ●t shout 60 keV,



11 versions of the ~-470 have the basic advantegen
f being lightweight ●nd having ● long operating
ime and choice of sctitil”brsr; but the 1.01 vmrsion
f the c,perating progrsm offers nnother ●dvantage.
his ●dvantage is ● second, switch-selected Operat@
ode (the count mode) for making precise radiation
ntensity measureraentm, perhaps after fir-sling radio-
ctlve material with the first (monitoring) mode,
r it may be used initially to make brief but
recise measurements for SNB!verification or other
urposes. For example, the ●uthor uses the second
Dde to measure precisaly the background radiation
ntonaity ●t candidate locations for oyerating SNU
onitora.

n thb count node, the PRM-.47O thumbvheel switch
E met to s counting time that cen be as long ●s
9 8. Then the instrument repeatedly counts for
nat smount of time ●nd converts and displays the
tsult in counts per second. A significant use of
le count aode is to verify thst low-dennity waste
Eckages contain no rmme than category III qusntltiem
~ plutonium (400 g) before being transported outside
protected ●rea, perhaps for assay. With e plsstic -

:intillator instrument, euitable calibration da~,

and weight screening to ●ssure uncharacteristically
heavy materials have not been added to the packages,
waata can be varifiad ●van though ● modarate

umdatactcd amount of shielding or other gumna-ray
●ttenuating matrix is presant.

The waste verification technique ●ensea shielded
plutonium by making filtared ~ unfiltered meaaure-
msnts with the PRM-h70, using ● lead ●ttenuator
0.32 cm (0.125 in.) thick batwaan the vaate and
detactor 80 a filter. If the unfiltered radiation
intensity at ●avaral positions on the waste contairmr
ia balow ● calibrated removal threshold A@ tha
filter markedly reduces tha count rate, tha waste
can be removad. Otharwiae the waste must be
●aaumed to be ● shielded category I or 11 quantity
of matarial until asaayed. Table I illustrates
the responsa of two types of detactor to ● small
unahialded quantity of plutonium and a 100 tlrrms
larger quantity in ● lead shield. The bm dstactora
bo~:h show large count-rate reductions wfth ● filter
for bara plutonium ●nd much ●mallar reductions for
●hielde.d amounts. However, the NaI(Tl) detector
ceases to raspond to plutonium in thicker shields
(whara its filtcrad rasporme falls below background),

TABLE I

PRM-47C RESPONSE TO BACKGROUNDANO BARE AND SHIELDED PLUTONIUM

NaI(Tl) Varaion Plestic Scintillator

, ~.

Background none 68.8 0 104

Background plus small plutonium none 208 139,2 316
0,32.cm lead 81.5 12,7 167

Background F!US large plutonium none 233 164.2 518
in 1,3-cm shield 0.32.cm lead 136.5 67.7 329

Background plus lerg? plutonium none 80,5 117 166
in 2,5-cm shield 0,32.cm lead 60,5 -8.3 138

●The small and large plutonium massee differ by ● factor of 100, The ●h
is lasd,

bTht ne: count ie the groee measurement vlth background cubtractedt

o

212
63

414
225

62
5 34,5

~+ld material

bile “he plastic stintlllator continues to raapond,
omonstr*:ing that it is th~ best d~tector choice
or thie technique, Note ttut in any uee, applying
his technlmue rsquir?e rallbratinr, with typical
ast? ●nd ehi?ldad eourccs to ●ntablieh realistic
~cision threoholci$ and disclose any llmi~etiona
f th~ techniqu~,

ho sup~riorlry of plfiotic eclntlllator~ for
?tecting l~ad.ehieider! pluton(urn carries over to
Nll monitoring Beslc pcrformatwe date2 for t}~,,
~-47Cl’e NaI(T/\ dot?etor (dlaii, 2 !3 cm arid l?ri~th

cm) ?qu~l bot}~ tho carller monitors’ Nal(Tf)
ctectot’ (diam, 3,8 em ●nd lonp.th 3 8 cm) ●nd the

HI{D.440 plaetic ●clntillator (croea section 10,2 by
3,S cm ●nd length 12,7 cm) for d?tectlng SW,
including lightly ●hialded plutonium However,
the ●dvantago of s plaetlc scintillation d~tector
for detecting haaviiy shielded plutonlum is lllun.
trat?d by PRM.L70 m~aeurcment reeults in Tabl? 11
‘1%? thickest nhiald in the table reduc?e th~
NaI(Tl) det?ctor count rate btlow background,
wh~reaa the plaetic scintiliator contlnucn to
d~tect th? ●hicldcd plutonium, This ●dvantag? in
the PRM.470 ie provld~d by ite optional plahtlc
ecifltillator (eto~s eecttoh 3,2 by 7,5 cm ●nd
lcn~th 10 8 cm), which th? menufacturor neetl\’
lnstslle in the samo bseic packag~ ●n tha Nal(Tl~



TABLE 11

PNM-470 CONTACTRESPONSE TO SHIELDED PLUTONIUM

,etector

NaI(Tl) Version
Laad Shield (counts/s) ~

R~ Source a
Gross Net

Background none 64.7 0

Background plus shielded 0.95 387 322
plutonium 3..3 lok.3 39.7

2.5 ho.7 -24.0

Plastic Scintillator
Vcr6ion (counts/s

!2,X9SS
~eti

103 0

901 798
294 191
134.3 31.3

aThe plutonium has significant salf.shieldlng in ●ddition to the lead
bThe net count is the gross maasurament with background subtracted.

(Fig. 5), The plastic scintillator
ncreases tha-PRM-470’s weight, but only to 1.6 kg
3,5 lb), *bout half the weight of the HHD.440,
ithout loss of ~arfomance.

XE SNt4=IFICATION INSTRUMENT

●dification refers to ● qualitative technique
sving 10* pracisi.on ●s a goal for its result in
ontr~st to ●ssay, which in ● +ti~tivs CO~qUS
itli perhaps la prrcision as a goal. Verification
●crificts precision for epeed. Our verification
nstrument sddrgsses ● long-standing rwed to quickly
erify that radiation emitted from pdckagasi fsbri-
●ted itams, or 8ven pedestrians is or is not +arac.
aristic of ● specific type or quantity of SNM.
x-pies of the need to verify ●ra (1) to datennlna

ig4 3< Tho optlOnaJ p~astlr #eintIIJatfon dat~.tor
iv@S th~ PRU.470 both neurron and gamsmsray
onslrivlty Nc,Jtrrv) sPn81c JvJry mekcs it psslble
D doract #hlcJded plutonium in mnlrorlrrg and
oriflcsiloh,

the presence or absence

shield.

of mlutonium in radioactive
pack;ges; ●nd (2) to vorlfy- the ●nrichment, low or
high for ●xample, sf uranium itoma.

An earlier nand-held instrument developed by the
Los Almmos Instrument Technologies group, the
Automatic Material Identifier,& identified bare
uranium ●nd plutonium from racorded spectra of low-
erwrgy gamma rays, Becruse the low-energy radiation
may not ba claarly r,bsawed whan S?-04 la wall
●ncapaulatad, ●hialdad, or mixed with othar radio.
ieotopas, anothar tachniqae muet be ueod, Often ●

thicker detector is uaad with a portablo titichumal
●nalyzer to record spectra of penetrating, higher
onorgy gsmea rays for further mnslysiso For ●xanple,
gaoma.r,ty paaks characteristic of uranium or
plutoniw may ba racordod, strippad frcmn mtirly.
ing Compton-ecatterad gamma-ray background by a
utility program, and than integratai to obtain ●

net paak count contributed mostly by SNMradiation.
T%. peak count then ❑ay give ● good indication of
tha presenca, ●baence, or ❑asn catesory of S!04 or
the ●nrichment of uranium that cannot be ~btsined
from cross moasuramenta or the origfnal spectva,
Our new handheld SNM verification instrument is
deeigned to perfom thie tack in ● package +hat lo
not much larser or havler then rha PRJI.470 &scribed
●bove.

The prototype SW verification instrument is bexng
fabricated for ue by Jomar Systems, Inc,* ae model
JtfH.01 (Fig, 6). In contrast co the ~rooe counting
in hand-held nonltorm, paak stripping requlree ●

Sain.mtabillzed detector eo that uama raya alwaye
fall into specific pulee-hei+t raglone of interest.
Tha region of intereet t“ita ●re ueed with ●n
●nhanced computational ●bility to carry out ●

variety of taeke including: verifyinu nuclear
material typa or ●nrichment during inventory or
shipment, vurifying the abeence of plutonlun in peal.
●atrians with medical isotope uptakes, and wrifylng
th~ pl~!tonium mass category of waste conteincrs,
Of couro~, in this case, celebration of the uchrrlqus
with typical items and ● continuing measurem~nt
control program ●re ●leo necessary for effectiw
US* of the technique,

●.lomar Syctems, InC,, Los ,41SmoS, NM 87544.



6, The JHH-01 is anothar nw bs Al-a
trumont being producod by Jooter Systams, Inc.
wfll p*rfonn vorlflcatlon ❑aasuremencs that

ally require less porteble instrumentation,

the time of writing this r-port, tha aachanical
●lectrical work on the JHH.01 is complece, but

gremming is still in progress. So, * ●mnples
●pplications deta were obtained with PFW-470
trumente ●nd ●n IBP1.PC-based multichannel 1
lyzer. The first ●xemple idmtifies the presome
plutonium shieldad by depleted uren.h.an, ● radioac -
I material that is ccenonly used in eource. shield-

containers (pigs), Here the pig is 0.5 cm
:k ●nd produces most of the detected rediatlon.
)ve r, ●tripping the prominent plutoniuq region
teen 330 ●nd 450 keV (Fig, 7e) from the ●mpty
spectrum (Fig. 7b) and the pig plus plutonium
:trum (Fig, 7 ) gives significantly different
Jlts , The net count for the pig ●lone is W
) i 7,6 counts/s, whereas the result is ~
) ~ 8,6 counts/s for ttm pig containing plutoniun,
:e, the presence of plutonlun is detected even
lgh it would give no readily visible clue in ●

~le spectrum. This ●xample is typicel of what
involved in identifyin~ plutonium in Fixed

:e or in identifying the ●bsence of plutonium
radioactive packages, Note that the instrument
}s ●v~ileblo only the final result, s mt count,
)er than a plot of the ●pectmm. While this
)s the technique mora ●ensitlve, calibration
measurement control are ❑ore important to its

lctive use,

:hsr exuaple illustrates verifying ptillats that
be natural or depleted uranium, The larger

L in the hi~hly ●nriched uraniun spectrum (Fig.
la the 185.keV gamma rav from ~J~U. When this

I region 1s ●tripped ●nd integrated, the result
netural uranium (0,79 ?r$U) in Fig, 8b is 2669,
‘eas the result for deplct~d uranium (0.2t
1) in Fig, SC is 1420. Hence , th* twomaterials
be differentiated provided thmt th~ t~chnique
been proprnrly calibrated and con$.rolled.

des theSQ single ragion.of.interest ●xamples,
instrument is designed to be ●ble to duplicate
r methodm for determining enrichment thst ●r~

o 100 Soo am

(c)

o 100 200 300
MsmaOtammm

Fig. 7. These spectra illustrate plucon.lm verLflcs -
tlon in ● otlxed redlaclon field: (a) the plutcdum
spectmm; (b) spectruu from depitted urenlum pig;
and (c) spectrum from pig containing plutonium.
Highlighted cress cmcaln penetrating plutonium
gems r~ys (e) plus other radletion (b) and (c).

less ●ensitive to the size and ah+ of ●nples.
For example, ● region of interest aromd 766 kaV or
1001 keV can ba ueed with the 186.keV region to
Slve the intensity ratio used in one ●nrichment
technique.@ Another technique that can be imple-
mented uses the 186-keV raglon ●nd ● nearby higher
●nergy re~ion plus certain calibration constants
to correct for Compton scattering ad givs ●nricbert
diractly,4 Practical exparlence in ●ppiy!ng the
instrument to these technique ●waits completion
of ths pro~remming,

mtuARY

The new lightweight handheld instruments have the
potential to improve handheld monitoring, pnr.
titularly for detecting ~hielded plutonium, ●rrl
the instrument’o ctcond oper.tting mode expands
their utility to other spplicatiow MA as wrifying
wast~, Both new techniques and others that ●re
now routinuly epplied with less.portable ●quillment
can be readily ●ccomplished with minimum effort,
l%: most ●ffectiva use of the instruments will b*
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‘lg. 8. These spectra illustrate uranium verJffca-
lon 8nrichment: (a) the 2JbU spectrum; (b)
●cural uranium spectrum; and (c) depleted uranium
peccrum. Highlighted #reas concain 2S6U gansms-raYs
r) plus ocher radietion (b) and (c).

btainod iQ ● program that conducts calibration
xperimontm to determine appropriate dcci~ion
hr~sholdc and then follov~ ● program of measurement
ontrol ttsts with stanckrd items to assure proper
peration, Finally, effectiveness of the new
nstruments will certainly depend on their proper
se ●nd good operator training.

Many members of the Advanced Nuclear Technolo~
group are to be thanked for their ●fforts to
develop three generations of prototypes for the
rn~ hand-held monitor. TSA Syetems, Inc. -loped
● comparable ❑nni=r, the P’8M-470, from the prototype
design but used a new microprocessor, ●n NSC800N,
and their own programming. Jomar Systems developed
the detector atabllization ml?thod ●nd practical.
Dsenz to change operating parameters for the nev
Warification imttument ●s well ae providing
●oftware,
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